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lin-4-antisense RNA 
critical for C. elegans
developmental timing 

miRNAs discovered
in human and mouse 

miRNAs implicated
in cancer 

miRNAs implicated
in viral infection 

miRNAs: An Emerging Field

miRNA publications are increasing at a rate of two-fold per year
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miRNAs: Genomics

• Short, single-stranded, endogenous, non-coding RNAs
• Cleaved from 70-130 nt precursors by Drosha/Dicer
• Found in animals and plants
• Estimated >600-1000 miRNA genes in human
• Wider range of expression: Few to 100,000 copies per cell
• Mature miRNAs can regulate multiple genes
• Target mRNAs for translational repression or cleavage 
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miRNA Genes

� ~60% of miRNAs are expressed independently

� ~15% of miRNAs are expressed in clusters

� ~25% are in introns

C. elegans
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miRNA  Expression

1. Transcription

2. Hairpin release in 
the nucleus

3. Export to 
cytoplasm

4. Dicer processing

5. Strand selection 
by RISC

6. Translational 
repression

*mature active strand
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� The basic function of miRNAs is the reduction of protein levels of 
targeted genes

� The three main mechanisms:
– Transcriptional silencing  - miRNAs can regulate many target 

genes 
– mRNA cleavage – by perfect complementarity e.g plant miRNAs
– Translational repression – imperfect complementarity

� Each miRNA appears to regulate the translation of multiple genes, 
and many genes appear to be regulated by multiple miRNAs.

miRNA Modes of Function
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Diverse miRNA functions in animals and plants

� Development
� Timing (Lee et al. 1993)

� Cell proliferation (Brennecke et al. 2003)
� Stem cell & neuron (Krichevsky et al. 2003; Hatfield et al., 2005)

� Cell death (Baehrecke, 2003)
� Diseases

� Cancers (Lu et al. 2005)
� miRNA oncogenes (He et al. 2005)

� Brain tumors (Ciafre et al. 2005; Chan et al. 2005)
� Leukemia (Calin et al. 2002; 2004)

� Diabetes (Poy et al. 2004)

� Cholesterol biosynthesis (Krutzfeldt et al. 2005)

� DNA methylation and chromatin modification (Bao et al. 2004)
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What genes do
miRNAs control?

Functional analysis

miRNA library screening

What cell processes
are regulated by miRNAs?

Where and when are
miRNAs expressed?

miRNA expression 
profiling

miRNA – Fundamental Questions

What miRNAs are
expressed?

Isolate, clone, 
and sequence

or bioinformatics
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miRNA
Expression

Profiling

TaqMan® MicroRNA Array

miRNA
Functional 

Analysis

Pre-miR™miRNA Precursor Molecules
Anti-miR™ miRNA Inhibitor Molecules

pMIR-REPORT™ Expression Vector Dual-
Light® Assay System

Western-SuperStar™ Immunodetection System

miRNA
Expression
Verification

TaqMan® MicroRNA Assays
TaqMan® MicroRNA Array

mirVana™ miRNA Kit
TaqMan® MicroRNA Cells-to-Ct

mirVana™ PARIS™ Kit
RecoverAll™Total Nucleic Acid Isolation Kit 

flashPAGE™ Fractionator System
RNAqueous® - Micro ™ Kit

LeukoLOCK™ Total RNA Isolation System

miRNA
Isolation and 
Enrichment

miRNA analysis strategy



Isolation of MicroRNA 
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mirVana™ miRNA Isolation Kit

• Efficient isolation of small RNA-
containing total RNA 

• Optional miRNA enrichment 
procedure improves miRNA detection 
sensitivity in array and Northern 
applications

• Simple 30 minute procedure

• Compatible with fresh, frozen, 
RNAlater-treated, and RNAlater-ICE 
treated samples (0.5 – 250 mg)

• Results in exceptional quality RNA
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mirVana™ miRNA Isolation Kit
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miRNA Isolation Solutions for Various Sample Types

TaqMan® MicroRNA

Cells-to-CT™ Kit
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The first and only complete workflow solution for analyzing microRNA
expression when starting with 10 - 100,000 cultured cells

A fast, simple streamlined workflow skipping traditional RNA isolation with 
gold standard performance

TaqMan® MicroRNA Cells-to-CT™ Kit
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1. Lysis

• All at room temp

• No centrifugations

• No organics

• No filter to clog 

• Can be done directly in 96 or 384 
culture plates

2. Reverse Transcription

• As much as 33% of RT can be 
composed of lysate can be used

• Compatible with Multiplex

3. Real-time PCR

• Enough reagents for 5 PCR 
reactions for each lysis

TaqMan® MicroRNA Cells-to-CT™ Kit
Fast, Simple, Convenient



Analysing MicroRNA Expression 
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AB Assay Objective:

� Develop a Real-Time PCR 
TaqMan® Assay to quantify 
mature* microRNAs

*Mature miRNAs are the biologically 
active form

Precursor miRNA

Mature 
miRNA
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TaqMan® MicroRNA 
Assays

miRNA
RT primer

Step 1:
Stem-loop RT

Step 2:
Real-time PCR

cDNA

Forward primer

Reverse
primer

FQ
TaqMan probe

Four oligos per miRNA

1. RT primer

2. Forward primer
3. Reverse primer

4. TaqMan probe

Two enzymes required

1. Reverse transcriptase

2. AmpliTaq Gold® DNA 
Polymerase

Nucleic Acid Research v33: e179
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Assay Specificity: looped vs. linear RT
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Single-base Discrimination

Relative detection (%) 
calculated based on 
CT difference between 
perfectly matched and 
mismatched assays

�� ��� � ugagguaguagguuguauaguu

�� ��� � ugagguaguagguugugugguu

�� ��� � ugagguaguagguuguaugguu

�� ��� � agagguaguagguugcauagu

�� ��� � ugagguaggagguuguauagu

2

1

3

2

1

5

4 3

Number of base 
differences between 

miRNAs



21 October 14, 2008 © 2008 Applied Biosystems

Amplification plot and standard curve: 7-logs

Estimated synthetic miRNA input (lin-4) based on A260: 
7, 70, 700, 7,000, 70,000, 700,000, 7M, and 70M copies in PCR 

miRNA Quantitation – Synthetic miRNA

Slope = -3.4
R2 = 0.999
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Detection sensitivity: 25 pg total RNA
Dynamic range: ³ 104 using mouse lung total RNA

R2 = 0.994

R2 = 0.999

15

20

25

30

35

40

250 25 2.5 0.25 0.025

Total RNA Input  (ng) in RT

C
t

miR-2

miR-7

miR-10a

miR-10b

miR-16

miR-20

miR-21

miR-22

miRNA Quantitation – Total RNA
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TaqMan® MicroRNA Assay Reproducibility 

• 384 replicates of 
hsa-let-7a assays

• Total RNA input 15 
ng per RT reaction

• Averaged standard 
deviation of CT: 0.08 
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Relative Quantitation Requires Normalization 
Controls

• No established endogenous controls for miRNAs to date
• Candidates:

– snoRNAs
– rRNA or snRNA genes: 18S, 2S, U6 etc.
– Endogenous microRNA genes 
– Housekeeping genes: GAPDH, Beta-actin etc.

• Ideal control:
– Mimic miRNAs

• Size
• Assay chemistry

– Ubiquitous/abundant
– Stable expressors
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Expression in normal Human tissues
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Endogenous Controls for Mouse miRNAs
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Individual Assays Summary

Total of >1600 predesigned Individual Assays
– 813 Human
– 584 Mouse
– 349 Rat
– 46 Endogenous controls

RNU24, RNU66, RNU19, RNU38B, RNU49, RNU48, Z30, RNU6B, 
RNU44, RNU43, U18, RNU58B, RNU58A, RPL21, U54, HY3, U75, U47, 
snoRNA135, snoRNA142, snoRNA202, snoRNA234, snoRNA251,…

– Additional Assays including Arabidopsis (62), C. elegans (74), 
Drosophila (76)

– Additional human, mouse, and rat assays released regularly

NEW! Custom TaqMan® Small RNA Assays
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What are stem cells?
Stem cells are cells with unique qualities:

– Self-renewal 

– Multipotency

How to tell stem cells from adult cells

• mRNAs (Oct4, Nanog, Sox2, AFP et al.)
• Cell surface markers (CD34, c-Kit, Sca-1 et al)

Can miRNAs be used as biomarkers to distinguish 
between ES and differentiated cells?

Embryonic stem 
(ES) cells
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MicroRNA Profiles Classify ES and Differentiated Cells
Chen et al. 2007. Mammalian Genome Vol. 18 & Strauss et al. 2006. 
Mammalian Genome Vol. 17-833

EB ES Tissue

4. Stem cell specific miRNAs

5. ES differentiation-related miRNAs

3. Somatic Tissue specific miRNAs

3. Somatic Tissue specific miRNAs

24
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1. Highly expressed miRNAs

2. Rarely expressed miRNAs

5. ES differentiation-related miRNAs

5. ES differentiation-related miRNAs
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Mouse MicroRNA Markers 

Embryoid bodies (EBs):
1. EB35d9_Ad
2. EB60d9_NAd
3. EB60d6_Ad

Mouse tissues:
10. Liver
11. Heart
12. Lung

miR-302c

miR-367

miR-295

miR-293

miR-302d

miR-302a

miR-302b

miR-294

miR-290

1 2 3 4 5 6 7 8 9 10

EBs ES

miR-182*

11 12 13 14 15

Tissues

ES cell-specific

ES lines:
6. ES60b
7. ES60a
8. ES35
9. ES60c

miR-378

miR-425

miR-187

miR-196b
miR-26aN

miR-30c

miR-30bN

miR-30a-5p
miR-26b

miR-30b

miR-15a
miR-126

miR-27aN

miR-133a
miR-223

1 2 3 4 5 6 7 8 9 10

EBs ES

11 12 13 14 15

Tissues

Differentiation-specific

13. Kidney
14. Brain
15. Embryo

4. EB60d6_Nad
5. EB35d6_Ad
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Mouse tissue-specific miRNAs 

miR-122a

miR-128b

miR-138

miR-128a

miR-129

miR-196b

miR-383
miR-341

miR-153

miR-154

miR-34cN

Brain

EB, kidney, embryo

EBs & ES lines:
1. EB35d9_Ad
2. EB60d9_NAd
3. EB60d6_Ad

Tissues:
10. Liver
11. Heart
12. Lung
13. Kidney

Lung
Heart
Liver, embryo

1 2 3 4 5 6 7 8 9 10

EB ES

11 12 13 14 15

Tissues

miR-208

Cloned in neurons by 
Ruvkun Lab (2004)

By Tuschl Lab (2003)

4. EB60d6_NAd
5. EB35d6_Ad
6. ES60b

13. Kidney
14. Brain
15. Embryo

7. ES60a
8. ES35
9. ES60c



TaqMan® Array for MicroRNA 
Expression Analysis
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TaqMan® MicroRNA Array

Applied Biosystems 7900 Fast
Real Time PCR System
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1 to 8 Samples

~1µL reaction volume

1 to 8 Samples

~1µL reaction volume

12 to 380 Targets (per card)12 to 380 Targets (per card)

1, 2,3 or 4 Replicates1, 2,3 or 4 Replicates

TaqMan® Performance in 384-Well 
Low Density Array

TaqMan® Gene Expression Assays 
pre-loaded into each well
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MicroRNA Profiling with TaqMan® MicroRNA Arrays
Megaplex™ Pools with v2.0 TaqMan® Arrays

� Megaplex™ Pools and TaqMan® MicroRNA Arrays
– Megaplex™ RT Primers

– Megaplex™ Preamp Primers (optional)

– TaqMan® MicroRNA Arrays 

� Benefits

– Gold-standard TaqMan quality data

– Streamlined workflow – data within single working day

– Significant sample savings – as low as 1ng input

– Broad coverage of Sanger v10 content

Sanger v10

compatible Megaplex
™

Pools
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Profiling Workflow – without Preamplification

miRNA

1
Prepare Sample

2
Reverse 

Transcribe RNA

Megaplex RT 
Primers & TaqMan
MicroRNA Reverse 
Transcription Kit

30 min.

Total 
RNA

150 min.

4
Run TaqMan

Array

Applied 
Biosystems 

7900HT Fast Real-
Time PCR System

120 min.

3
Load TaqMan

Array

RT product & 
TaqMan Universal 

Master Mix

10 min.

Total time         ~ 5 hrs  
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Profiling Workflow – with Preamplification

miRNA

1
Prepare Sample

2
Reverse 

Transcribe RNA

Megaplex RT 
Primers & TaqMan
MicroRNA Reverse 
Transcription Kit

30 min.

Total 
RNA

150 min.

3
Amplify cDNA

Megaplex
Preamp Primers 

& TaqMan
Preamp Master 

Mix

90 min.

5
Run TaqMan

Array

Applied 
Biosystems 

7900HT Fast Real-
Time PCR System

120 min.

4
Dilute cDNA & load 

TaqMan Array

Diluted RT product 
&TaqMan

Universal Master 
Mix

10 min.

Total time          ~ 6.5 hrs  

1:10 1:4 1:100
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Preamplification Concept

RNA cDNA

Reverse transcribe
RNA to cDNA

Perform real-time PCR 

with TaqMan® Assays

Preamplify cDNA using 
pool of TaqMan® Assays

RNA cDNA

Reverse transcribe
RNA to cDNA

Perform real-time PCR 

with same TaqMan® Assays

Conventional 
gene expression 
analysis

Gene expression 
analysis with 
preamplification
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Generate Data From Very Limited Sample Sources
FACS, FNA, LCM, FFPE, stem cells

3813811# of targets

25 µLN/AN/APreamp reaction volume

1 – 350 ng350 – 1,000 ng1 – 10 ngSupported input range

1,000 pg

1 ng per reaction

20 µL

15 µL

Individual 
TaqMan®

MicroRNA Assay

~0.27 pg~920 pg
Minimal input sample 
amount per assay 
(target)

1ng / RT reaction350 ng / RT reaction
Minimal input sample 
amount 

1 µL1 µL
TaqMan Assay reaction 
volume

7.5 µL7.5 µLRT reaction volume

Megaplex™ Pools 
with preamp

Megaplex™ Pools 
w/o preampWorkflow Options �
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Megaplex™ MicroRNA Profiling - Pool Content 

Up to 381 
targets

Up to 381 
targets

Megaplex™
RT Primers

Megaplex™
Preamp Primers

(optional)

Total

15375YesOptionalYesARodent
(Mouse & rat)

667Total

5

3

3

+ve

Controls

B

B

A

Content

Yes

Yes

Yes

TaqMan®

Array

585

210

290

377

miRNA
Targets

1OptionalYes

1OptionalYes

1OptionalYes
Human

-ve

Megaplex™
Preamp Primers

Megaplex™ RT 
Primers

Species
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Megaplex™ Pools Design

Distributed content for both human and rodent to miRBase v10.1

– A content: matched Megaplex RT, Preamp and TaqMan Array
• MicroRNAs of greatest interest (functionally defined and/or 

broadly/highly expressed) 
• Some pool optimization

– B content: matched Megaplex RT, Preamp and TaqMan Array
• MicroRNAs whose function is not clearly defined and/or are 

narrowly/lowly expressed
– Significant number of miR* sequences 

• Minimal pool optimization
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TaqMan® MicroRNA Arrays

� TaqMan Human microRNA Array v2
– Manufacturing Control- Mammalian U6 
– Endogenous Controls - RNU44, RNU48, 
– Negative Control - ath-miR-159a, 
– Pool B (290 assays)

• 3 additional controls (RNU24, RNU43, RNU6B), quadruplicate

– A and B provides 92% coverage of miRBase 10 content

� TaqMan Rodent microRNA Array v2
– Manufacturing Control- Mammalian U6 
– Endogenous Controls - snoRNA135, snoRNA202, U87 and Y1
– Negative Control - ath-miR-159a
– Pool B (210 assays)

• 1 additional Endogenous Controls, snoRNA42  run in replicate 

– A and B provide 89% coverage for mouse and 86% coverage for rat.
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y = 1.0061x - 0.0052

R2 = 0.9888
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Analyzing MicroRNA Function
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miRNA functionality

� Three different strategies to understand miRNA function

– Correlate protein, miRNA and mRNA expressions to 
phenotypic differencies

– Alter endogenous levels of miRNA with synthetic miRNA 
specific reagents.

– In-silico miRNA target prediction
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Pre-miR™ miRNA Precursors (Ambion)
Effective microRNA mimics for performing gain-of-function experiments

Anti-miR™ miRNA Inhibitors (Ambion)
Tight binding microRNA inhibitors for performing loss-of-function 
experiments

With these ready-to-transfect molecules, you can:
• Determine the biological function of a particular miRNA
• Validate that a particular miRNA regulates the expression of 

a putative target gene
• Screen for miRNAs that affect a cellular process or that 

down-regulate a specific gene

Alter endogenous levels of miRNA with 
synthetic miRNA specific reagents
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Ambion Anti-miR™
miRNA Inhibitors, 
reduce miRNA activity 
when transfected into 
cells

Ambion Pre-miR™
miRNA Precursor 
Molecules enter the 
miRNA pathway when 
transfected into cultured 
mammalian cells

Alter endogenous levels of miRNA with 
synthetic miRNA specific reagents
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An Onco-miR Case Study: let-7

• miRNA microarray data revealed that let-7 is significantly down-regulated 
in almost all lung cancer patients with squamous cell carcinomas 

• Two putative target genes for let-7 are oncogenes, RAS and MYC (in C 
elegans; Frank Slack)

• Both RAS and MYC have been implicated along with p53 as key 
oncogenes in lung cancer

• let-7 is one of the best-characterized animal miRNAs
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Confirmation of let-7 Target Genes

MYC 
protein

expression

RAS 
protein

expression

Neg Control let-7 Pre-miR

HepG2 cells (low let-7)

Precursor 
miRNAs

Block target 
mRNA translation 

Measure target 
protein 

Introduce 
let-7 miRNA

miRNA Addition Experiment

Johnson SM et al  (2005) Cell 120: 635-47.
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Confirmation of let-7 Target Genes

Block miRNA and 
induce target 

mRNA translation 

Measure target 
protein 

Introduce 
let-7 inhibitors

miRNA Subtraction Experiment HeLa cells (high let-7)

Negative Control let-7 Anti-miR

RAS 
protein

expression

MYC 
protein

expression

Johnson SM et al  (2005) Cell 120: 635-47.

Anti-miR
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NAT NAT TT

Pair 1 Pair 2

NAT T

Pair 3
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1200

GAPDH protein

Ras protein

let-7 miRNA

U6 snRNA

Actin mRNA Ras mRNA

Real time
PCR

• Limited correlation between RAS mRNA and 
RAS protein expression levels
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let-7 and RAS Expression in Lung Samples
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• Good correlation between let7 miRNA and 
RAS protein expression levels

let-7 =  may regulate Ras oncogene expression in lung and is potentially a 
tumor suppressor in lung?
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let-7 and RAS Expression in Lung Samples
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Some MicroRNA function publications

� Gene Regulation (Zamore et al. 2005, Rajewsky et al. 2006, Jackson & 
Standart, 2007)

� Cell proliferation (Brennecke et al. 2003, Sarnow et al. 2006)
� Metabolism (Poy et al. 2004)
� Cell death (Baehrecke, 2003, Miska et al. 2005)
� Stem cell & neuron development (Krichevsky et al. 2003, Tang et al. 2006, 

Tonelli et al. 2006)
� Cancer (Michael et al. 2003, Johnson et al. 2005, Calin et al. 2006, Esquela-

Kerscher et al. 2006, Lu et al. 2005, Voorhoeve et al. 2006)
� DNA methylation and chromatin modification (Bao et al. 2004)
� Development: Timing (Lee et al. 1993), Cell proliferation (Brennecke et al. 

2003), Neuron (Hatfield et al., 2005)
� Cell death (Baehrecke 2003; Chen et al. 2006)
� Diabetes (Poy et al. 2004)
� Epigenetics (Bao et al. 2004; Henderson et al. 2006)



Conclusions
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Conclusions

� miRNA are key regulator of gene expression involved in various biological 
processes and diseases

� Specific research tools developed :
– To study miRNA expression profiling
– To enable gain and loss of function studies
– In vivo functional screening and miRNA gene target analysis

� Application for Therapeutics:Therapeutics:
– miRNA arrays speed up biomarker discovery for various diseases
– Accurate profiling demonstrated in tissues (fresh & FFPE) and blood
– Rapid target identification & biological validation
– miRNAs and the genes they regulate are candidates for development of 

new therapeutic strategies



Thanks for your attention!

Any questions?
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miRNAs in Other Clinically Relevant Samples
Fixed Tissues

RecoverAll™
Blood

LeukoLOCK™
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Reducing let-7 Activity Increases Proliferation in A549 Cells

Block miRNA and 
induce target 

mRNA translation 
Measure cell 

number 

Introduce Anti-miR™
miRNA Inhibitor

Which miRNAs Affect Cell Proliferation?
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For Research Use Only.  Not for use in diagnostic procedures.

TaqMan® MicroRNA Assay:

NOTICE TO PURCHASER: LIMITED LICENSE

A license to perform the 5' nuclease process for research requires the use of a Licensed 5' Nuclease Kit (containing Licensed Probe), or the combination of an 
Authorized 5' Nuclease Core Kit plus Licensed Probe, or license rights that may be purchased from Applied Biosystems. This product contains Licensed Probe. Its 
purchase price includes a limited, non-transferable immunity from suit under U.S. Patents Nos. 5,538,848, 5,723,591, 5,876,930, 6,030,787, and 6,258,569, and 
corresponding patent claims outside the United States, owned by the Applera Corporation, and U.S. Patent No. 5,804,375 (claims 1-12 only) and corresponding 
patent claims outside the United States, owned by Roche Molecular Systems, Inc. or F. Hoffmann-La Roche Ltd (“Roche”), for using only this amount of product  in 
the practice of the 5’ nuclease process solely for the purchaser’s own internal research. This product is also a Licensed Probe for use with service sublicenses 
available from Applied Biosystems. This product conveys no rights under U.S. Patents Nos. 5,210,015 and 5,487,972, or corresponding patent claims outside the 
United States, which claim 5’ nuclease processes, or under U.S. Patents Nos. 5,476,774 and 5,219,727, or corresponding patent claims outside the United States, 
which claim quantification methodology, expressly, by implication, or by estoppel. No right under any other patent claims (such as apparatus or system claims) and no 
right to perform commercial services of any kind, including without limitation reporting the results of purchaser's activities for a fee or other commercial consideration, 
is hereby granted expressly, by implication, or by estoppel. This product is for research use only. Diagnostic uses require a separate license from Roche. 

Further information on purchasing licenses may be obtained by contacting the Director of Licensing, Applied Biosystems, 850 Lincoln Centre Dr., Foster City, 
California 94404, USA.

Applied Biosystems and AB (Design) are registered trademarks and Applera and FAM are trademarks of Applera Corporation or its subsidiaries in the US and/or 
certain other countries. 

AmpErase, AmpliTaq Gold, and TaqMan are registered trademarks of Roche Molecular Systems, Inc.

© 2006 Applied Biosystems. All rights reserved.
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